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ABSTRACT 

This  report  contains  data,  with  appropriate  evaluation  and  discussions,  col- 
lected during  the  first  season  on  board  the  S.S.  SEA-LAND  McLEAN.  Data  collection 
began  with  westbound  Voyage  1 on  October  8,  1972  and  terminated  with  the  eastbound 
passage  of  Voyage  12  on  April  5,  1973.  A total  of  80  data  tapes  were  recorded  con- 
taining in  excess  of  50,000  separate  data  intervals  from  more  than  100  transducers. 

Discussions  include  a description  of  the  digitized  data,  comparisons  of 
stresses  with  sea  state,  simultaneous  response  data  from  all  transducers  during 
selected  portions  of  a rough  voyage,  and  a consideration  of  torsional  responses. 

The  reports  from  the  second  and  third  data-col lection  seasons  are  not  being 
published  in  the  Ship  Structure  Committee  series  of  reports  but  they  are  available 
through  the  National  Technical  Information  Service  under  the  following  titles. 

SL-7-9  - Second  Season  Results  From  Ship  Response  Instrumentation  Aboard  The 
SL-7  Class  Containership  S.S.  SEA-LARD  McLEAN  In  North  Atlantic 
Service.  1976.  AD-A1334162. 

SL-7 -10-  Third  Season  Results  From  Ship  Response  Instrumentation  Aboard  The 
SL-7  Class  Containership  S.S.  SEA-LAND  McLEAN  In  North  Atlantic 
Service.  1976.  AD-A034175. 
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I.  INTRODUCTION 


The  S.S.  SEA-LAND  McLEAN  is  tht  first  of  the  new  SL-7  class  of  high-speed  con- 
tainerships.  Salient  particulars  of  the  vessel  are  given  in  Table  I,  and  the  ves- 
sel is  shown  in  Figure  1.  A multifaceted  program  of  analysis  and  experiments, 
coordinated  by  the  SL-7  Program  Advisory  Conmittee  of  the  National  Academy  of 
Sciences--National  Research  Council,  has  been  instituted  to  study  this  ship's 
structure  and  its  responses  to  imposed  loading.  One  important  facet  of  this 
program  is  the  collection  of  data  on  structural  and  dynamic  responses  of  the  actual 
(i.e.,  full  scale)  ship's  structure.  This  is  being  accomplished  by  an  on-board 
instrumentation  system  with  sensors  located  throughout  the  vessel  measuring  strains, 
stresses,  accelerations,  various  sea  characteristics  and  ship  operating  parameters 
(see  Reference  1).  Presented  in  this  report  is  a cross-section  and  summary  of  the 
data  gathered  during  the  first  season  of  operation  on  North  Atlantic  Voyages  1-12 
during  the  period  8 October  1972  to  5 April  1973. 

Collection  of  full-scale  data  is  necessary  from  a number  of  standpoints.  Any 
predictions  resulting  from  mathematical  analyses  or  experimental  models  must  ac- 
curately characterize  the  actual  structure,  or  must  be  correctable,  in  a known  way, 
to  correlate  the  technique  to  the  actual  structure.  Full-scale  data,  properly 
interpreted,  provides  the  criterion  against  which  all  predictive  techniques  of 
structural  response  must  be  judged.  A second  but  equally  important  use  of  full-scale 
data  is  to  provide  the  input  loads  which  form  the  basis  of  the  rational  design.  Such 
load  criteria  can  be  gathered  directly  from  a characterization  of  observed  service 
conditions,  such  as  wind  and  wave  probability  distributions,  or  inferred  from  the 
response  of  the  vessel  to  the  combination  of  these  conditions.  The  latter  scheme 
requires  a knowledge  of  the  structure's  input-output  or  transfer  function  which  again 
can  be  provided  by  adequate  full-scale  data  describing  loads  and  responses.  In  sum, 
full-scale  data  provides  three  indispensable  parts  of  rational  design:  input  loads, 

responses,  and  the  derived  characteristics  of  the  link  between  the  two. 

Since  different  aspects  of  the  full-scale  data  are  of  interest  to  different  in- 
vestigators, no  summary  can  provide  an  exhaustive  or  even  adequate  characterization 
of  all  the  gathered  data.  Indeed,  the  basic  form  of  the  data,  analog  or  digital 
records  on  magnetic  tape,  is  not  reproducible  here.  The  objective  of  this  report, 
therefore,  is  to  document  the  quantity,  limits,  and  formats  of  the  data  now  available 
and  to  present  a cross-section  and  summary  of  it  in  a few  of  the  forms  most  obviously 
useful  to  investigators.  As  a further  aid  to  those  interested,  a description  is 
given  of  some  further  possible  data  summary  characterization  and  analysis  schemes, 
along  with  their  relative  costs. 

II.  INSTRUMENTATION  SYSTEM 


The  shipboard  instrumentation  system  is  described  in  detail  in 
therefore,  no  attempt  will  be  made  in  this  report  to  duplicate  that 
Rather,  a brief  description  of  the  important  features,  with  special 
data  flow,  will  be  presented  as  a convenient  summary. 


Reference  1 ; 
information, 
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A.  Shi pboard 

All  of  the  information  obtained  from  the  various  transducers  located  through- 
out the  vessel  is  recorded  on  two  14-track  analog  FM  tape  recorders  located  in  the 
instrumentation  room.  Recorder  No.  1,  designated  the  primary  recorder,  records  the 
same  13  signals  whenever  it  is  placed  in  operation.  The  fourteenth  channel  is  used 
as  a noise  compensation  channel  during  reproduction. 

The  second  recorder  has  its  first  thirteen  channels  switched  through  four 
modes,  designated  A,  B,  C,  and  D.  Each  mode  is  recorded  for  thirty  minutes  sequen- 
tially. Channel  14  is  again  used  as  a compensation  channel  in  all  modes.  Each  30- 
minute  period  is  a data  "interval",  and  is  assigned  an  interval  number.  Any 
particular  segment  of  data  can  thus  be  identified  by  referring  to  the  following  nomen- 
clature. 

1.  Tape  number-- (All  odd  numbers  are  from  No.  1 Recorder 

and  all  even  numbers  are  from  Recorder 
No.  2). 

2.  Voyage  number  and  direction  (E  = East,  W = West). 

3.  Index  number  (sequential  numbering  of  each  four-hour  log- 
book entry  accompanying  each  data  tape). 

4.  Channel  number  and  mode  letter  (Recorder  No.  2 only) 

5.  Interval  number. 

Thus,  by  specifying  "Tape  No.  1,  Voyage  1-W,  Index  1,  Channel  1-A,  Interval  1" 
a very  specific  30-minute  data  interval  is  identified.  A compl  te  summary  of  the 
signal  assignments  is  provided  in  Table  II.  This  presentation  is  in  the  same  format 
used  in  Reference  1.  Table  III  contains  a list  of  sensor  and  signal  abbreviations 
used  in  Table  II  and  throughout  this  report. 

Each  interval  of  30  minutes,  whether  on  Recorder  No.  1 or  No.  2 is  auto- 
matically preceded  by  a one-minute  electrical  zero  and  a one-minute  period  of  cal- 
ibration signals. 

1 . Strain  Gage  Signals 

The  majority  of  the  transducers  used  in  this  system  are  obtained  from 
various  configurations  of  single-element  strain  gages  with  associated  bridge  comple- 
tion and  calibration  resistors.  These  gages  are  attached  to  the  surface  of  various 
hull  structural  elements.  Each  strain  gage  is  constructed  with  inherent  temperature 
compensation.  That  is,  if  the  gage  is  attached  to  a plate  which  is  subsequently 
warmed  (or  cooled)  but  is  otherwise  unrestrained,  no  change  in  strain  will  be  in- 
dicated. If  that  plate  is  now  restrained  from  expansion  due  to  the  temperature 
change,  a strain,  associated  with  the  degree  of  restoring  stress  necessary,  will  be 
indicated  even  though  no  change  in  length  occurred.  Such  a restraint  is  generated, 
for  example,  when  the  sun  warms  the  deck  or  upper  hull  girder  while  the  lower  hull  is 
in  cooler  water.  This  diurnal  variation  tends  to  induce  compressive  deck  stresses 
and  tensile  stresses  under  the  waterline  even  though  the  displacement  tends  to  hog 
the  ship. 
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Sketches  summarizing  the  locations  of  the  strain  gage  sets  are  presented 
in  Figures  2 and  3.  It  should  be  noted  that  the  single-element  strain  gages  used 
are  installed  in  various  configurations  which  have  different  properties.  These 
are  described  in  detail  in  Reference  1,  but  can  be  sumnarized  as  follows: 

a.  Single  element  (quarter  bridge)  - a single  strain  gage  element.  Its 
output  is  proportional  to  the  strain  along  the  element. 

b.  Dyadic  gage  - two  single  elements  at  an  angle  of  56°  to  each  other. 

In  this  configuration  the  output  is  proportional  to  the  stress  along  the  axis  of  sym- 
metry. 


c.  A dyadic  pair  of  gages  oriented  longitudinally  on  each  side  of  the 
ship,  eachpir  connected  to  one  arm  of  the  bridge  circuit.  Depending  on  whether  the 
arms  are  opposite  or  adjacent,  the  output  of  this  arrangement  is  proportional  to  the 
vertical  or  horizontal  bending  stress. 

d.  Shear  gage  (half  bridge)  - two  single  elements  at  right  angles  to 
each  other.  The  output  is  proportional  to  the  shearing  stress  along  the  axis  of  sym- 
metry. 


e.  A shear  gage  half  bridge  on  each  side  of  the  ship  connected  to  form 
a full  bridge.  Depending  on  the  polarity  of  the  connection,  the  output  is  propor- 
tional to  the  vertical  or  torsional  shearing  stress. 

f.  Rosette  - three  single  strain  gage  elements,  each  in  a different 
direction,  near  a point.  This  is  a special  case  of  the  single  element  gage.  Each 
signal  output  is  recorded  separately  and  simultaneously.  These  readings  completely 
define  the  state  of  strain  (both  the  normal  and  shearing  strains,  i.n  any  direction) 
at  this  point.  In  the  McLEAN  installation,  the  rosette  gage  elements  were  oriented 
in  a longitudinal,  athwartship  and  diagonal  (from  forward  port  to  aft  starboard) 
direction. 


2.  Transducer  Signals 

In  addition  to  the  strain  gage  signals  discussed  above,  10  additional 
transducer  signals  are  provided  as  inputs  to  the  recording  system.  These  signals, 
eight  linear  accelerometers  and  two  angular  displacement  pendulums,  are  fully 
described  in  Table  IV.  The  primary  function  of  these  signals  is  to  provide  a record 
of  ship  motions  occurring  at  the  same  time  as  the  recorded  strain  gage  information. 

3.  Ship  Operating  Parameters 

In  order  to  supplement  the  logbook  information,  several  of  the  ship  oper- 
ating parameters  are  obtained  from  various  ship  transducers  using  repeater  devices 
located  in  the  instrumentation  room.  Electrical  outputs  are  taken  from  these  de- 
vices and  multiplexed  prior  to  recording  on  Channel  10  of  Recorder  No.  1.  The  five 
parameters  obtained  in  this  manner  are  rudder  angle,  port  and  starboard  shaft  RPM, 
and  wind  speed  and  direction.  A physical  record  of  ship's  course  is  obtained  from 
an  analog  recorder  located  in  the  sea  cabin  behind  the  bridge.  These  records  are 
available  at  any  time  and  will  be  obtained  for  the  manned  voyage  when  no  longer  re- 
quired by  regulation  to  be  kept  aboard  the  vessel. 


FIGURE  2 general  sensor  layout 


DETAILS  OF  STRAIN  CAGE  LAYOUT 


TABLE  IV 
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4.  Wave  Height  Radar 

One  parameter  which  has  always  presented  a problem  to  the  researcher  is 
the  measurement  of  the  actual  wave  condition  in  a continuous  manner.  A new  attempt 
to  solve  this  problem  has  been  made  by  including  an  "Ocean  Wave  Height  Radar  System" 
(OWHRS)  developed  by  the  Naval  Research  Laboratory  as  part  of  the  instrumentation 
package.  This  device  was  operational  for  several  voyages  during  the  past  season  and 
the  data,  in  the  form  of  slant-range  information,  was  recorded  on  Channel  3 of  Re- 
corder 1 . 


The  signal,  as  recorded,  contains  the  components  of  the  various  ship 
motions.  These  parameters  must  be  removed  before  the  true  sea  profile  can  be  re- 
produced. No  detailed  analysis  of  this  information  will  be  presented  in  this  docu- 
ment, but  several  samples  of  the  data  will  be  presented  in  subsequent  sections. 

5.  Tucker  Wave  Meter  System 

A second  attempt  to  achieve  wave  data  has  been  made  in  this  program  by 
the  inclusion  of  a Tucker  Wave  Meter  aboard  the  vessel.  This  British  device,  which 
consists  primarily  of  pressure  cells  and  accelerometers  mounted  both  port  and  star- 
board, was  installed  at  the  end  of  the  first  season's  operation.  Evaluation  of  data 
from  this  device  will  be  one  of  the  tasks  undertaken  when  reducing  second-season 
data. 


6.  Scratch  Gages 

As  a supplementary  program,  mechanical  scratch  gage  installations  at  a 
midship  location  have  been  installed  on  all  eight  vessels  of  the  class.  The  device 
consists  of  a simple  extensometer  with  mechanical  amplification  which  causes  a stylus 
to  mark  on  sensitive  paper.  The  paper  is  advanced  once  every  four  hours  and  the 
record  thus  obtained  shows  the  maximum  positive  to  maximum  negative  excursion  of  the 
stylus  in  a four-hour  period.  One  scratch  gage  is  located  in  each  ship's  starboard 
tunnel  near  the  midship  frame  except  for  the  McLEAN,  which  has  one  scratch  gage  in 
each  tunnel.  Data  tapes  are  being  sent  directly  to  the  Ship  Structure  Committee  after 
collection  by  Teledyne.  No  data  analysis  is  presently  being  undertaken  by  TMR,  nor 
is  the  data  presented  in  this  report. 

7.  Logbook 

An  important  adjunct  to  the  data  recorded  on  the  two  magnetic  tape  re- 
corders is  the  data  logbook  kept  by  the  instrumentation  observer.  Figure  4 shows 
typical  logbook  entries.  Environmental  conditions  are  noted  here  along  with  informa- 
tion to  index  the  tape  recordings.  All  sea,  wind  and  wave  conditions  reported  in 
this  document  are  derived  from  this  source. 

8.  Quick-looks 

The  data  reduction  process  actually  begins  with  "quick-look"  playbacks 
made  aboard  the  ship.  Each  tape  is  played  back  on  an  oscillograph  at  a relatively 
high  speed,  with  a low  paper  speed.  This  produces  a compact  hard-copy  record  for 
review.  Signal  peaks,  relative  levels  and  overall  variations  may  be  judged  from 
these  records  but  details  of  the  waveform  cannot  be  seen. 
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Flgure  5 SCHEMATIC  OF  DATA  FLOW 
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In  sum,  shipboard  data  gathering  produces  analog  magnetic  tapes  of  the  recorded 
data  from  two  tape  recorders  running  simultaneously.  In  addition,  a manual  logbook 
record  is  maintained  which  correlates  the  magnetic  tape  data  with  the  conditions 
existing  at  the  time  of  the  data.  Quick-look  records  are  also  produced  for  on-site 
quality  control  purposes,  but  these  have  little  application  to  most  data  analysis 
procedures  except  for  scaling  an  overall  maximum  value  for  each  interval. 

B.  Data  Analysis  Operations  at  TMR 

1 . Hard-Copy  Analog  Records 

As  shown  in  Figure  5,  the  preponderance  of  data  reduction  takes  place 
after  the  recordings  are  removed  from  the  ship.  After  review  of  the  logbook  records 
and  taking  into  account  the  notes  of  the  on-board  observer,  certain  sections  of  data 
are  played  back  onto  hard-copy  oscillographic  records.  Details  of  this  operation 
depend  on  the  type  of  analysis  being  done;  it  may  be  desired  to  compare  one  channel 
relative  to  another  for  a long  period,  or  only  the  response  for  a short  period  around 
some  event  such  as  a slam.  Examples  of  hard-copy  analog  records  are  presented  in 
later  sections. 

2.  Filtering  and  Digitizing 

Most  large-magnitude  stress  records,  especially  those  associated  with 
slamming  and  similar  dynamic  events,  can  be  separated  into  two  components:  wave- 

induced,  and  first  mode  ("whipping",  or  "springing") . Each  component  is  character- 
ized by  its  frequency.  First-mode  frequencies  are  typically  on  the  order  of  1 Hz, 
while  wave-induced  components  are  lower  in  frequency  (i.e.,  longer  in  period). 
Separation  of  these  components  is  accomplished  by  passing  the  electrical  signal  repre- 
senting the  stress  level  or  sensor  output  through  electrical  filters  adjusted  for 
the  appropriate  bandpass  frequencies.  The  resulting  filtered  signal  (or  the  original 
combined  signal;  may  then  be  reproduced  on  an  oscillograph  to  produce  a hard  copy, 
or  it  may  be  digitized  in  order  to  change  its  format  for  further  processing. 

Certain  channels  are  selected  for  digitizing  and  further  processing  in- 
to library  tapes.  The  details  of  this  process  are  presented  in  Reference  2.  In 
this  step  the  logbook  record  is  collated  with  the  corresponding  stress  or  motion 
data.  In  addition  to  a digitized  data  record,  this  operation  also  computes  numbers 
characterizing  each  data  interval,  such  as  the  maximum  peak-to- trough,  root-mean- 
square  (RMS),  number  of  peaks,  etc.  Some  of  these  data  have  been  used  further  in 
various  analyses  described  below. 

The  library  tapes  can  be  further  summarized  by  deletion  of  the  complete 
digitized  record.  This  summary  tape  can  provide  a computer-generated  listing  of 
environmental  and  characteristic  data.  Examples  of  these  data  are  provided  as  a 
separate  Appendix  to  this  report.  The  summary  tape  also  provides  the  data  base  for 
the  parametric  studies  discussed  below.  Header  block  and  data  summary  block  formats 
for  summary  tapes  are  given  in  Tables  V and  VI,  respecti vely.  It  should  be  noted 
that  summary  tapes  do  not  contain  data  on  which  to  base  spectra,  nor,  as  presently 
structured,  do  they  contain  computed  values  for  the  original  waveform.  Values  re- 
ported are  only  for  the  wave-induced  (maximum,  RMS)  and  first-mode  (maximum  only) 
components. 

A general  summary  of  the  SL-7  data  formats  currently  available  is 
presented  in  Table  VII. 
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TABLE  V 

DIGITAL  TAPE  HEADER  BLOCK  FORMAT 

Byte 

Information 

Format 

1 - 134 

Tape  Identification 

8-bit  EBCDIC 

135  - 138 

Number  of  Voyages  on  Tape 

32-bit  binary 

139  - 142 

First  Voyage  Number 

8-bit  EBCDIC 

143  - 146 

No.  Intervals  in  First  Voyage 

32-bit  binary 

147  - 150 

Second  Voyage  Number 

8-bit  EBCDIC 

151  - 154 

No.  Intervals  in  Second  Voyage 

32-bit  binary 

155  - 158 

Third  Voyage  Number 

8-bit  EBCDIC 

159  - 162 

No.  Intervals  in  Third  Voyage 

32-bit  binary 

and  so  forth 

unused  bytes  zero-filled 

* 
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TABLE  VI 


INTERVAL  SUMMARY  BLOCK  FORMAT 


Byte 

Information 

Format 

Byte 

Informat  ion 

Format 

1-7+11-12 

Analog  Tape  Number 

8-bit 

119-  128 

Blanks 

1 

8-bit 

8-  10 

Voyage  Number  6 Direct. 

EBCDIC 

i 129-  157 

Comments 

EBCDIC 

13-  15 

Logbook  Index  Number 

158-  256 

Zeros 

i ! 

16-  18 

Interval  Number 

257-  260 

No.  Wave  Induced 
Cycles 

32-bit 

Binary 

19-  26 

Date 

i 

27-  30 

Time  (Eastern  Std.) 

261-  264 

No.  of  Bursts 
of  Wave- 
Induced  Stress 

i 

31-  37 

Latitude 

! 

i 

38-  45 

Longitude 

265-  268 

RMS  Wave- Induced 
Stress,  psi 

1 

! 

i 

46-  48 

Course 

49-  52 

Ship  Speed  (MPH) 

269-  272 

Max.  P-T  Wave- 
Induced  Stress, 
psl 

53-  56 

Shaft  RPM 

273-  276 

Max.  P-T  1st  Mode 
Stress,  psi 

57-  58 

Beaufort  Sea  State 

59-  62 

Relative  Wind  Dir. 

63-  64 

Relative  Wind  Vel. 
(knots) 

277-  280 

Mean  Relative 
Stress  Level 

T 

65-  66 

True  Wind  Velocity 
(knots) 

401-  404 

1st  Wave-Induced 
P-T  Detected 

32-bit 

Binary 

67-  70 

Relative  Wind  Dir. 

405-  408 

2nd  Wave-Induced 
P-T  Detected 

71-  72 

Wave  Height  (feet) 

1 

73-  74 

Wave  Period  (sec.) 

409-  412 

3rd  Wave-Induced 
P-T  Detected 

75-  77 

Wave  Length 

78-  81 

Relative  Swell  Dir. 

• 

82-  84 

Swell  Height  (feet) 

. 

85-  88 

Swell  Length  (feet) 

• 

89-  93 

Barometric  Press,  "Hg 

2273-2276 

469th  Wave-Induced 
P-T  Detected 

94-  95 

Sea  Temp.  (°F) 

96-  98 
99-  118 

Air  Temp.  (°F) 
Weather 

1 

2277-2280 

470th  Wave-Induced 
P-T  Detected 

- 

j 

i 

/ 
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Format 
Analog  Tapes 

Oscillograph  Records 


Digital  Library  Tape* 
Summary  Tape* 

Logbook 

TAB  Printout* 

PARM  Data  Cards* 

SPLOT  Output 


TABLE  VII 

SUMMARY  OF  CURRENT  DATA  FORMATS 

Char a c teristi c s 


Recorded  at  0.3  ips,  FM  IRIG  low-band,  270  Hz  center 
frequency--13  data  tracks,  1 compensation  track--tape  1" 
wide,  0.001"  thick,  3600  feet  on  10  1/2-inch  reels.  Each 
30-minute  interval  preceded  by  zero  and  calibration  signal 

Quick-looks  reproduced  aboard  ship  at  200:1  speed  up--3  to 
4 tracks  per  record--all  tracks  reproduced--30  minutes 
occupies  about  3 inches  of  record. 

Expanded  time-histories  of  selected  tracks--used  for 
instantaneous  comparisons. 

12,000  data  points  at  10  samples/second  (real  time) 
(unfiltered)  from  each  interval  of  selected  transducers 
on  Recorder  No.  1,  plus  logbook  data,  plus  computed  values 
approximately  700  intervals. 

The  Digital  Library  Tape  with  the  digital  record  deleted, 
leaving  computed  results  and  logbook  data.  One  Summary 
Tape  contains  data  from  the  entire  season  from  one  trans- 
ducer. 

Environmental  and  ship  operational  data  manually  entered 
by  system  operator.  Data  is  coded  and  entered  on  Digital 
Library  Tape. 

All  logbook  data  plus  computed  data  characteristics  for 
each  transducer,  from  the  Summary  Tape. 

RMS  and  maximum  data  values  plus  selected  logbook  data 
for  parametric  studies. 

Plots  of  data  means  vs.  any  parameter  (such  as  Beaufort 
Number),  classified  into  families  of  five  subgroups. 
Tabulations  also  available  (see  Appendix  B). 


♦See  Reference  2-b. 
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III.  RESULTS 


In  general,  the  results  of  the  first  season  of  manual  data  acquisition  were 
gratifying.  Large  quantities  of  high-quality  data  were  recorded.  In  any  equipment 
of  this  complexity  operating  over  an  extended  period,  some  failures  or  breakdowns 
are  expected.  However,  due  to  the  presence  of  the  observer/operator,  the  effects 
of  these  were  minimized  and  they  were  quickly  corrected.  His  presence  also  assured 
proper  correlation  of  the  vital  environmental  data. 

A.  1972-1973  Operating  Season 

It  was  originally  planned  to  have  the  system  operational  in  time  to  take 
part  in  both  builder's  and  owner's  sea  trials.  Unfortunately,  due  to  the  number  of 
additional  passengers  scheduled  during  these  tests,  it  was  not  physically  possible 
to  have  Teledyne  engineers  aboard  the  vessel.  At  the  time  of  the  first  trial,  the 
system  had  been  fully  installed  but  had  not  had  its  final  adjustments  completed. 

1 . Manned  Operations 

Two  Teledyne  engineers  met  the  vessel  in  Rotterdam  upon  her  return 
from  her  first  sea  trials  on  September  16,  1972.  These  engineers  worked  aboard 
until  September  28,  1972  when  the  vessel  went  on  its  second  trial.  It  was  decided 
that  it  was  still  impossible  for  Teledyne  engineers  to  take  part  in  the  trials,  al- 
though the  system  was  operational  and  ready  to  record  data.  The  ship  left  on  Sunday, 
October  8,  1972,  for  New  Jersey  with  two  Teledyne  engineers  aboard.  Recordings  be- 
gan on  that  date  and  continued  throughout  the  westbound  leg  of  Voyage  1.  Both  engi- 
neers rode  the  vessel  to  New  Jersey.  During  this  voyage  and  subsequent  roundtrip 
Voyages  2 and  3,  two  Teledyne  engineers  rode  the  vessel.  This  manning  scheme  al- 
lowed TMR  to  have  four  engineers  trained  in  system  operation,  and  provided  the  addi- 
tional manpower  required  during  the  system  start-up. 

2.  Voyage  Summaries 

A summary  of  the  voyage  and  data  as  recorded  by  dates  and  tape  number 
is  listed  in  Table  VIII.  With  the  exception  of  the  westbound  leg  of  Voyage  5,  the 
vessel  was  manned  by  TMR  personnel  during  each  crossing  from  Voyage  1 in  October, 

1972  to  Voyage  12  in  April  of  1972.  Manning  was  terminated  for  the  season  when  the 
ship  returned  to  Rotterdam  for  drydocking  in  April,  1973. 

3.  Logbook  Data 

During  each  crossing  the  operator  kept  a data  log  in  which  he  made  in- 
dicated entries  once  every  four  hours.  Logbook  index  numbers  begin  at  No.  1 for 
each  crossing  and  typically  there  are  30  to  32  entries  per  crossing. 

The  recording  plan  during  the  past  season  was  to  record  for  two  out  of 
every  four  hours  when  operating  in  the  automatic  mode.  Thus,  there  are  normally  four 
data  intervals  associated  with  each  log  index  entry,  and,  since  a tape  can  run  for  a 
maximum  of  40  hours  real  time  and  each  data  interval  is  30  minutes  in  length,  it  is 
theoretically  possible  to  have  80  intervals  per  tape.  In  practice,  the  operators 
have  changed  tape  in  each  machine  at  the  beginning  of  each  voyage.  These  first  tapes 
normally  contain  68  to  72  intervals,  allowing  for  unused  tape  at  the  beginning  and 
end  of  each  reel.  Usually  a little  more  than  half  way  across  two  new  tapes  are 
loaded.  These  second  tapes  have  varying  numbers  of  intervals  dependent  on  such  items 
as  the  ship's  speed,  associated  progress,  and  just  when  the  system  is  secured.  This 


TABU  VIII 


ANALOG  TAPE  AND  VOYAGE  SUMMARY 


Data  Collection 

Data  Tapes 

Number  of 

Voyage 

Direction 

Dates 

Produced 

Tapes 

(Tape  Numbers) 

1 

West 

10/8/72  to 
10/13/72 

1,2, 3,4 

4 

2 

East 

10/15/72  to 
10/19/72 

5, 6, 7, 8 

4 

2 

Vest 

10/23/72  to 
10/27/72 

9,10,11,12 

4 

3 

East 

10/29/72  to 
11/2/72 

13,14,15,16 

4 

3 

West 

11/6/72  to 
11/10/72 

17,18,19,20 

4 

4 

East 

11/12/72  to 
11/16/72 

21,22,23,24 

4 

4 

Vest 

11/19/72  to 
11/24/72 

25,26,27,28 

4 

5 

East 

11/26/72  to 

29,30.31, 

6 

12/4/72 

32,33,34 

5 

Hast 

Vessel  Not 

Manned 

No  Data  Collection 

6 

East 

12/29/72  to 

35,36 

2 

1/4/73 

One  Recorder 
Time- Shared 

6 

West 

1/7/73  to 

37,38 

2 

1/12/73 

One  Recorder 
Time-Shared 

7 

East 

1/14/73  to 
1/19/73 

39,40,41,42 

4 

7 

West 

1/24/73  to 
1/29/73 

43,44,45,46 

4 

8 

East 

1/30/73  to 
2/4/73 

47,48,49,50 

4 

8 

West 

2/1/73  to 
2/13/73 

51,52,53,54 

4 

9 

East 

2/15/73  to 
2/20/73 

55,56,57,58 

7 

9 

West 

2/24/73  to 
3/1/73 

59,60,61,62 

4 

10 

East 

3/3/73  to 
3/8/73 

63,64,65,66 

4 

10 

West 

3/11/73  to 
3/15/73 

67,68,69.70 

4 

11 

East 

3/19/73  to 
3/24/73 

71,72,73,74 

4 

11 

Waat 

3/26/73  to 
3/30/73 

75,76,77,78 

4 

12 

East 

4/1/73  to 
4/5/73 

79,80 

2 
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past  season  an  average  of  48  to  50  intervals  are  found  on  the  second  tapes.  In 
summary,  during  each  crossing  2 tapes  are  usually  recorded  on  each  tape  -machine. 
The  interval  numbers  on  each  tape  can  run  from  1 to  80  and  these  intervals  are  as- 
sociated with  logbook  indexes  1 to  32  for  each  crossing. 

4.  Sea  State  Profiles 


To  assist  in  understanding  the  distribution  of  sea  states  encountered 
during  the  first  data  season.  Figure  6 has  been  prepared.  This  figure  depicts  the 
occurrences  of  the  various  Beaufort  Numbers  reported  divided  into  eastbound  and 
westbound  voyages.  The  basis  for  these  data  is  the  logbook  entry  for  sea  state  re- 
corded once  every  four  hours  by  the  operator.  A total  of  623  entries  were  made  dur- 
ing the  recording  season;  324  during  eastbound  crossings  and  299  during  westbound. 
Normally,  four  data  intervals  (30-minute  recording  periods)  are  associated  with  each 
log  entry.  Thus,  to  obtain  the  total  number  of  data  intervals  available  at  each  sea 
state,  it  is  necessary  to  multiply  the  number  of  logbook  entries  by  four.  The 
dominant  Beaufort  Numbers  are  in  the  range  of  3 to  7,  with  the  most  entries  obtained 
at  Beaufort  4. 

A summary  of  the  more  important  logbook  data  is  presented  in  Appendix  A. 

This  listing  contains  the  following  data; 


a. 

Voyage  Number  and  Direction 

b. 

Recorder  No.  1 Tape  Number 

c. 

Interval  Number 

d. 

Index  Number 

e. 

Date 

f. 

Time  (GMT) 

g. 

Ship  Speed  in  Knots 

h. 

Beaufort  Number 

1 . 

Relative  Wave  Direction 

j. 

Weather  Observation 

k. 

General  Comments 

Static 

Cal ibration 

In  order  to  obtain  verification  of  the  accuracy  of  the  instrumentation 
system  operation  a static  calibration  test  was  performed  on  the  vessel  at  the  loading 
terminal  in  Rotterdam  on  April  9 and  10,  1973.  This  test  sequence,  by  judiciously 
controlling  the  unloading  sequence,  was  designed  to  create  known,  or  at  least  cal- 
culable levels  of  bending  and  torsional  stresses.  By  comparing  calculated  values  with 
system  outputs  a judgment  of  instrumentation  system  performance  is  obtained.  The  re- 
sults of  this  experiment  are  not  reported  here  but  have  been  issued  as  a separate 
document  (see  Reference  3).  However,  the  following  general  conclusions  can  be  drawn 
based  on  the  data  gathered  during  the  calibration  experiment: 

a.  The  maximum  observed  normal  stress  for  the  calibration  loadings  oc- 
curs in  the  hatch  corner  doublers  (Hatch  9)  just  forward  of  the  aft  house  in  a direc- 
tion parallel  to  the  deck  and  at  an  angle  of  22  degrees  to  the  ship  centerline. 

Other  hatch  corners,  at  stations  where  hatch  width  changes  are  encountered,  exhibited 
high  shear  stresses  near  the  stress  relief  cutouts. 

b.  The  maximum  calibration  stresses  are  one-eighth  to  one-half  of  the 
maximum  peak- to- trough  stress  observed  under  normal  seaway  conditions.  To  put  it 
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another  way,  the  applied  calibration  loads,  or  load  distributions  are  approximately 
one-eighth  to  one-half  of  those  generated  in  a seaway  for  most  gages. 

c.  Due  to  the  low  strain  levels  induced  and  the  temperature  differences 
encountered  during  the  calibration,  thermal  effects  could  account  for  a substantial 
portion  of  most  measured  strains. 

d.  The  midship  transverse  girder  is  a more  sensitive  indicator  of 
torsion  than  the  midships  torsional  shear  sensor  installation. 

6.  System  Reliability  and  Performance 

System  performance  during  the  first  season  was  consistent  .with  that 
expected  from  an  installation  of  this  magnitude.  No  strain  gage  circuits  experienced 
any  failures.  During  Voyage  6 and  part  of  Voyage  7 tape  recorder  problems  were  en- 
countered which  required  the  time-sharing  of  one  unit  until  an  additional  machine 
could  be  obtained  and  the  defective  unit  repaired.  It  should  be  pointed  out  that 
most  of  the  equipment  in  the  system  is  not  new  and  has  seen  previous  sea  duty  on 
both  the  ABS  "Large  Tanker  Program"  and  two  years  of  operation  aboard  Sea-Land's 
S.S.  BOSTON. 


Several  data  amplifiers  did  fail  but  on-board  spares  permitted  replace- 
ment within  a short  time.  In  addition,  failure  of  several  of  the  accelerometer  units 
were  experienced.  By  selective  switching  of  units,  it  was  possible  to  keep  the 
signals  of  primary  interest  operational  during  most  of  the  data  intervals. 

In  general,  system  performance  was  good  and  the  fact  that  it  was  oper- 
ator-controlled contributed  to  its  overall  excellent  reliability. 

The  system  was  re-energized  in  the  Fall  of  1973  prior  to  the  first 
manned  voyages  of  the  second  season. 

B.  Data  Presentation 
1 . General 

As  listed  in  Table  VIII,  80  analog  data  tapes  were  produced  during 
the  past  operating  season,  40  from  each  recorder.  A data  summary  book  has  been 
prepared  for  reference  wherein  every  interval  on  every  tape  is  identified  by  trans- 
ducer. 


During  the  first  season,  Voyage  No.  4 presented  some  of  the  most  in- 
teresting data  from  the  standpoint  of  exhibiting  the  heaviest  weather  with  a variety 
of  relative  sea  directions.  Since  some  characterization  of  the  response  data  from 
all  transducers  was  desired,  but  the  volume  of  data  available  was  large,  this  voyage 
was  chosen  for  presentation  in  detail.  Parametric  studies  were  undertaken  for  all 
voyages,  however. 

2.  Parametric  Studies 


Starting  with  the  Summary  Tapes,  eight  Recorder  No.  1 data  channels 
were  selected  for  processing  by  the  parametric  studies  computer  program  (see 
Reference  2 and  Figure  5).  These  channels  were: 
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a. 

Channel 

1 - 

Longitudinal  Vertical  Bending 

(LVB) 

b. 

Channel 

2 - 

Torsional  Shear  Midships 

(TSM) 

c. 

Channel 

4 - 

Roll 

d. 

Channel 

5 - 

Pi  tch 

e. 

Channel 

8 - 

Forward  Vertical  Acceleration 

(FAV) 

f. 

Channel 

11  - 

Longitudinal  Horizontal  Bending  (LHB) 

g- 

Channel 

12  - 

Shear  Forward  Port  (SFP) 

h. 

Channel 

13  - 

Shear  Forward  Starboard  (SFS) 

The  RMS  and  maximum  peak-to-trough  wave-induced  component  of  each 
of  the  above  parameters  was  plotted  against  Beaufort  Number  (although  this  is  a wind 
scale,  the  number  reported  corresponds  generally  to  a well-defined  sea  condition)  in 
various  families  of  ship  speed  or  relative  sea  directions.  In  order  to  derive  a 
single  characteristic  value  within  each  Beaufort  Number,  the  mean  of  both  the  maximum 
and  RMS  values  per  interval  were  plotted.  These  results  are  presented  in  Appendix  B. 
Three  types  of  data  presentations  are  included  for  each  data  set: 

a.  A dot-plot  of  all  values,  interval  RMS  or  maximum  peak-to-trough. 

b.  A mean  value  plot  of  interval  data  set  against  ship  speed  or  rela- 
tive wave  direction  groups. 

c.  A tabular  1 isti  ng gi  ving  the  number  of  points  upon  which  the  curves 
are  based  and  the  set  of  standard  deviations. 

Extensive  tabulations  of  digitized  stress,  motion,  and  logbook  data 
are  available  to  those  interested  through  the  Ship  Structure  Committee. 

3.  Maxima  Observed  on  Recorder  No.  2,  Voyage  4 

In  order  to  present  a sampling  of  the  extreme  data  seen  by  Recorder  2, 
all  of  the  data  for  Voyage  4 (E&W)  was  played  back  on  an  oscillograph,  annotated,  and 
scaled.  In  this  manner  a maximum  peak-to-trough  value  was  measured  for  each  trans- 
ducer for  each  interval.  These  data  are  presented  in  Table  IX.  As  noted  previously, 
Recorder  No.  2 data  are  monitored  in  four  consecutive  modes.  Some  of  these  modes 
are  switched,  however,  to  record  other  data.  This  is  reflected  in  Table  IX.  It 
should  also  be  noted  that  the  various  maxima  listed  for  any  one  interval  did  not 
necessarily  occur  at  the  same  time. 

4.  Simultaneous  Response  Data 

It  is  often  useful  to  compare  a response  waveform  occurring  at  one  spot 
with  that  occurring  at  another  spot  at  the  same  time.  The  complete  records  (all 
Recorder  No.  1 and  No.  2 signals  recorded  at  the  selected  instances)  from  four  ex- 
amples of  high  sea  state  conditions  are  presented  in  Figures  7,  8,  9,  and  10,  each 
representing  a different  relative  sea  direction;  i.e.,  head,  broad-on-the-bow, 
quartering  and  following. 

5.  Averaged  Midship  Maximum  Stresses,  Voyage  4 

Six  longitudinal  strain  gage  arrays  are  located  at  midship,  on  the  top, 
mid  and  bottom  sideshell,  port  and  starboard.  These  are  some  of  the  most  interesting 

(Text  continued  on  Page  105) 
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FIGURE  7 

SAMPLE  SIMULTANEOUS  RESPONSE  DATA 


The  following  pages  present  representative  simultaneous 
samples  of  all  recorded  signals  on  both  tape  recorders  for: 


Voyage 

Index 

Interval 


Tape 

Beaufort  Sea  State 
Relative  Sea  Direction 
Ship  Speed 


4 Westbound 
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17  ("A"  Mode) 

18  ("B"  Mode) 

19  ("C"  Mode) 

20  ("D"  Mode) 

25  (Recorder  No.  1 ) 

26  (Recorder  No.  2) 
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FIGURE  8 

SAMPLE  SIMULTANEOUS  RESPONSE  DATA 


The  following  pages  present  representative  simultaneous 
samples  of  all  recorded  signals  on  both  tape  recorders  for: 


Voyage 

Index 

Interval 


Tape 

Beaufort  Sea  State 
Relative  Sea  Direction 
Ship  Speed 


4 Westbound 
7 

25  ("A"  Mode) 

26  ("B"  Mode) 

27  ("C"  Mode) 

28  CD"  Mode) 

25  (Recorder  No.  1 ) 

26  (Recorder  No.  2) 
10 

Broad  on  Stbd  Bow 
20  Knots 
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FIGURE  9 

SAMPLE  SIMULTANEOUS  RESPONSE  DATA 


The  following  pages  present  representati ve  simultaneous 
samples  of  all  recorded  signals  on  both  tape  recorders  for: 


Voyage 

Index 

Interval 


Tape 

Beaufort  Sea  State 
Relative  Sea  Direction 
Ship  Speed 


11  Westbound 
22 

13  ("A"  Mode) 

14  ("B"  Mode) 

15  ("C"  Mode) 

16  ("D"  Mode) 

77  (Recorder  No.  1) 

78  (Recorder  No.  2) 
8 

Quartering 
29  Knots 
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FIGURE  10 

SAMPLE  SIMULTANEOUS  RESPONSE  DATA 


The  following  pages  present  representative  simultaneous 
samples  of  all  recorded  signals  on  both  tape  recorders  for: 


Voyage 

Index 

Interval 


Tape 

Beaufort  Sea  State 
Relative  Sea  Direction 
Ship  Speed 


4 Westbound 
26 

33  ("A"  Mode) 

34  ("B"  Mode) 

35  ("C"  Mode) 

36  ("D"  Mode) 

27  (Recorder  No.  1 ) 

28  (Recorder  No.  2) 
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gages  recorded  on  Recorder  No.  2.  The  maximum  peak-to-trough  combined  values 
were  scaled  from  oscillograph  records  for  each  interval  on  Voyage  4,  separated 
into  sets  by  Beaufort  Number,  and  the  maximas  averaged  and  plotted.  Figures  1 1 -A 
and  1 1-B  present  the  results  from  this  process.  For  general  comparison,  the 
averaged  results  from  the  Longitudinal  Vertical  Bending  (LVB),  the  Longitudinal 
Horizontal  Bending  (LHB),  and  the  Torsional  Shear  Midship  (TSM)  stress  gages  have 
been  plotted  against  Beaufort  Number  in  Figure  12.  These  results  are  from  the 
wave-induced  digitized  data. 

6.  Wave  Height  Radar  Data 

As  part  of  the  continuing  effort  to  obtain  accurate  information  as  to 
the  exact  nature  of  the  waves  incident  to  the  vessel,  a wave  height  radar  system 
was  installed  aboard  the  SEA-LAND  McLEAN.  The  output,  in  the  form  of  a slant 
range  signal,  is  provided  for  recording  on  Channel  3 of  Recorder  No.  1.  The  anten- 
na for  the  device  is  at  the  bridge  level  on  the  outboard  starboard  side.  The 
signal,  of  course,  contains  components  of  ship  motions.  Figure  13  compares  the 
slant  range  signal  with  Vertical  Bending  Stress,  Bow  Vertical  Acceleration,  and  Roll 
Sensor  outputs. 

7.  Torsional  Response  Data 

The  simultaneous  waveforms  have  been  used  to  develop  data  plotted  in 
Figure  14,  which  shows  the. relationships  between  strains  at  the  upper  corners  of 
the  midship  transverse  girder,  and  overall  midship  torsional  shear. 

8.  Simultaneous  Comparison  of  Longitudinal  Gages 

Figure  15  illustrates  the  set  of  instantaneous  values  from  the  six 
longitudinal  stress  gages  as  functions  of  their  locations.  This  figure  is  designed 
to  be  comparable  to  similar  figures  presented  in  the  calibration  report  (Reference  3) 
for  static  conditions. 

IV.  DISCUSSION  OF  DATA 

The  following  discussion  is  based  on  the  data  presented  from  the  first  season. 

In  some  cases  points  are  discussed  which  are  the  results  of  observations  made  during 
the  calibration  experiment  (Reference  3). 

Many  relationships  can  be  inferred  from  the  data  presented.  It  is  the  objective 
of  this  discussion  to  explore  some  of  the  more  salient  features  of  the  ship's 
response  characteristics.  No  attempt  has  been  made  to  summarize  or  correlate  all 
available  data.  Various  forms  of  data  summaries  have  been  used  to  indicate  the  be- 
havior of  the  signals  originally  recorded  on  analog  tape.  Oscillographic  display  of 
the  magnetic  tape  data  results  in  time  histories  from  which  instantaneous  comparisons, 
waveform  analyses,  and  other  manual  studies  can  be  performed.  The  manual  studies 
include  a table  (IX)  of  maximum  values  for  Voyage  4.  In  addition,  eight  channels 
of  all  data  from  Recorder  No.  1 have  been  digitized,  summarized,  and  parametric 
studies  performed,  as  mentioned  above. 

Due  to  the  mass  of  data  collected,  it  is  not  possible  to  publish  an  all-inclusive 
summary  of  results  which  will  not  lose  some  features  of  the  data.  Selected  analyses 
have  been  performed  which  present  some  of  the  more  important  data  comparisons  and 
evaluations.  Other  areas  of  interest  should  be  defined  by  other  Investigators  (SR-217, 
for  example)  or  Advisory  Committee  members.  An  attempt  will  be  made  to  include  the 
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Figure  15  - Instantaneous 
Seaway  Data  from  Midship 
Longitudinal  Gages. 
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desired  data  or  format  in  future  reports  or,  if  the  need  is  pressing,  to  issue 
appropriate  supplemental  reports. 

A.  Voyage  4 Simultaneous  Response  Data 

As  indicated  by  Figure  6,  no  sea  conditions  in  excess  of  those  correspond- 
ing to  Beaufort  9 were  encountered  during  eastbound  voyages,  and  only  two  indexes 
had  Beaufort  Numbers  of  9.  In  either  direction  the  most  commonly  reported  Beau- 
fort Number  was  4,  whereas  the  median  value  was  5.  During  westbound  voyages 
Beaufort  Numbers  of  9 and  10  were  reported  about  equally.  Westbound  voyages  are, 
therefore,  used  for  high-sea-state,  instantaneous  data  presentations.  Voyage  4 
had  the  highest  average  and  peak  sea  states.  It  was,  therefore,  used  to  provide, 
simultaneous  response  data  for  signals  assigned  to  Tape  Recorder  No.  2 for  Figures 
7,  8,  9,  and  10. 

Figures  7,  8,  9,  and  10  present  recorded  high  sea  state  response  data  for 
head,  broad-on-the-bow,  quartering,  and  following  relative  sea  conditions.  Ship 
speed  is  reduced  from  about  30  knots  to  about  20  knots  in  the  head  and  broad-on-the- 
bow  cases. 

As  expected,  the  most  obvious  difference  between  the  four  sets  of  data  is 
the  period  of  the  wave-induced  (long  period,  low  frequency)  responses.  In  the  head 
or  broad-on-the-bow  data,  the  8-9  second  wave  encounter  period  is  obvious  along 
with  the  constant  0.8  Hz  first-mode  structural  frequency.  For  the  quartering  or  fol- 
lowing sea  cases,  a much  larger  and  less  well  defined  wave-induced  stress  period  is 
present  along  with  the  0.8  Hz  first  mode  response.  The  magnitude  of  the  peak-to- 
trough  longitudinal  vertical  bending  stress  (LVB)  is  dependent  on  and  approximately 
equal  for  similar  sea  state  numbers. 

1 . Head  Seas 

An  example  of  slamming  is  exhibited  during  Interval  17  (Mode  A)  of 
Tape  25  (head  s^a).  A fairly  clean  hogging  stress  is  followed  by  sagging  and  high 
first  mode  stresses.  The  first  mode  stresses  gradually  decrease  over  a period  of 
40  seconds.  Vertical  accelerations  at  the  midship  and  forward  deckhouse  accelero- 
meters are  also  evident  and  closely  follow  the  vertical  bending  stress  curve.  At 
the  same  instant  there  are  similarly  shaped  but  opposite  longitudinal  stresses  in 
the  top  and  bottom  hull  sideshell  gages  (LSTP,  LSBP,  LSTS,  LSBS,  all  on  Recorder 
No.  2,  both  port  and  starboard)  with  virtually  no  stress  exhibited  at  the  vertical 
bending  neutral  axis  (LSMP  and  LSMS).  The  bottom  stresses  are  lower  than  those 
measured  by  the  top  gages  because  they  are  closer  to  the  neutral  axis. 

The  small  differences,  port  to  starboard,  between  the  respective  mid- 
ship top,  neutral  axis  (mid)  and  bottom  sideshell  gage  outputs  are  due  to  horizontal 
longitudinal  bending  components.  This  component,  along  with  the  longitudinal  warp- 
ing stress,  also  contributes  to  the  nonzero  output  of  the  mid  sideshell  gages. 

Neutral  axis  shear  gages  (SAP  and  SAS)  show  similar  responses  with  the  opposite 
polarity  (due  to  the  port  and  starboard  wiring  convention). 

Another  example  of  slamming  is  shown  near  the  reference  lines  of  the 
"B"  Mode  (Interval  18)  of  the  same  tape.  In  this  case  the  aft  rosette  responses 
are  monitored  on  Recorder  No.  2.  Although  AR-1  and  AR-2  are  located  in  similar 
positions  but  opposite  sides,  they  nevertheless  exhibit  dissimilar  responses  in 
magnitude  for  the  longitudinal  and  transverse  gages  (elements  A and  C,  respectively). 
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In  comparing  the  diagonal  gage  out  ts,  however,  it  should  be  kept  in  mind  that 
these  elements  are  parallel  to  each  other  and  are  not  symmetric  about  the  ship's 
longitudinal  centerline. 

It  is  interesting  to  note  that  although  the  response  period  of  these 
gages  is  similar  to  that  of  the  longitudinal  vertical  bending  stress  gages,  their 
peaks  are  more  rounded  and  the  waveform  lags  the  bending  sensor  output  slightly. 

The  largest  output  for  this  gage  group  is  exhibited  by  the  longitudinal  element  of 
AR-4  which  is  located  in  the  starboard  longitudinal  tunnel  top.  It  reflects  the 
longitudinal  bending  stress  at  this  location. 

Intervals  19  and  20  (Modes  "C"  and  "D"  of  the  same  index)  present  similar 
sea  conditions  and  similar  responses  on  the  respective  Recorder  No.  1 sensors.  The 
longitudinal  element  of  rosette  R1  (located  aft  of  the  forward  house)  exhibited  the 
largest  stress  of  the  rosettes  in  this  group.  Second  largest  was  the  longitudinal 
element  of  the  similarly  placed  gage  on  the  opposite  (starboard)  side.  Virtually 
identical  stresses  were  measured  by  the  diagonal  element  of  this  gage  and  the  longi- 
tudinal element  of  the  gage  located  in  the  tunnel  top  (R3).  A still  lower  stress 
was  present  in  the  longitudinal  element  of  the  outboard  tunnel  top  gage  (R4).  To 
summarize,  the  line  load  seems  to  be  dropping  off  towards  the  outboard  sides  with 
the  forward  house  a significant  factor  in  the  transmission  of  bending  stresses. 

Only  moderate  stresses  were  recorded  in  the  mid  and  aft  transverse  girder 
corners  (in  the  transverse  direction).  It  is  interesting  to  note  that  response  ex- 
hibited by  the  mid  girder  gages  are  predominantly  wave-induced,  while  the  aft 
responses  contain  obvious  first-mode  components.  The  tensile  stresses  on  the  forward 
plate  of  the  transverse  girder,  coupled  with  compressive  stresses  on  the  aft  (bulk- 
head) plate,  indicate  a horizontal  bending  mode.  Notice  also  that  the  midship 
torsional  shear  sensor  indicates  some  small  torsional  stresses  of  a similar  shape. 

2 Broad-on-the-Pow  Seas 

On  the  whole,  the  major  characteristics  of  ship  responses  to  this  con- 
dition are  similar  to  that  for  head  seas.  Vertical  bending  stress  is  somewhat  re- 
duced while  torsional  shear,  horizontal  bending,  and  roll  are  slightly  increased. 

The  pronounced  first-mode  slamming  stresses  are  gone  from  the  sample  record. 

All  of  the  remaining  sensor  records  are  at  or  below  the  levels  for  the 
head  sea  conditions.  Although  both  sets  of  intervals  were  recorded  at  Sea  State  10, 
the  present  set  is  followed  by  a Sea  State  9,  and  it  is  possible  that  the  sea  state 
had,  in  fact,  moderated  to  a small  degree.  Other  studies  of  the  overall  Voyage  4 
data  indicate  that  the  maximum  peak-to-trough  stresses  are  very  strong  functions  of 
sea  state  for  levels  of  eight,  and  above.  This  may  well  explain  the  reduction  in 
stress  magnitude.  Logbook  entries  of  the  observer  for  this  Index  indicate  spray 
over  the  ship  but  no  slamming.  This  is  probably  the  result  of  the  reduction  in  sea 
state  and  not  the  change  in  relative  sea  direction. 

3.  Quartering  Seas 

The  most  obvious  characteristic  of  the  quartering  and  following  sea 
conditions  is  the  long-period  wave-induced  responses.  Another  striking  difference 
is  the  Indicated  roll  + 13  degrees  in  Interval  13  ("A"  Mode).  This  is  accompanied 
by  virtually  no  pitch  or  vertical  acceleration,  but  significant  transverse  accelera- 
tion in  phase  with  the  roll.  In  this  case  the  longitudinal  neutral  axis  stress 
midships  is  not  negligible,  but  is  composed  primarily  of  horizontal  bending.  Note 
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the  out-of-phase  relationship  port  and  starboard,  and  the  similarity  to  the  longi- 
tudinal horizontal  bending  stress  sensor  output.  It  should  be  noted  that  although 
torsional  stresses  may  contribute  to  this  signal,  the  period  of  the  torsional  shear 
sensor  output  is  different  from  that  exhibited  by  the  neutral  axis  or  horizontal 
bending  sensors. 

Of  the  aft  rosettes  only  the  diagonal  element  of  AR-1  (port  side,  near 
hatch  cutout)  showed  significant  strains,  probably  due  to  its  being  aligned  with  a 
stress  trajectory  from  the  aft  house  around  the  hatch  opening. 

The  measured  roll  period  does  not  correlate  to  the  vertical  or  horizontal 
bending  or  torsion  sensors.  Roll  does,  however,  correspond  generally  to  the  forward 
hull  longitudinal  strain  sensors  (HLSP/T-T/B). 

Only  small  stresses  were  recorded  for  mid  and  aft  transverse  girders. 

The  forward  and  aft  signals  seem  to  be  uniformly  out  of  phase. 

4.  Following  Seas 

The  sample  record  presented  for  the  following  sea  condition  has  a higher 
associated  sea  state  than  the  preceding  quartering  condition.  Many  more  instances 
of  first-mode  excitation  are  present  on  all  traces.  In  general,  the  peak-to-trough 
stress  levels  are  higher  than  for  the  quartering  sea  case.  This  is  due,  however,  to 
the  increased  sea  state  rather  than  the  relative  sea  direction.  (A  later  section  in 
this  discussion  will  present  data  to  affirm  this  assertion.) 

Another  characteristic  of  this  data  set  is  the  nonperiodic  nature  of 
most  output  traces.  This  feature  makes  comparisons  of  phase  behavior  among  the 
responses  difficult. 

The  vertical  bending  sensor  shows  some  evidence  of  slamming  (a  rela- 
tively clean  hogging  moment  followed  by  first-mode  excitation  and  an  increasing  sag- 
ging moment.)  As  would  be  expected  from  the  following  seas,  very  little  torsional 
shear  is  present.  Roll  motions  were  significant  at  20  degrees  peak-to-trough. 

This  trace  is  not  a smooth  sinusoid  as  in  the  case  of  the  quartering  sea,  but  re- 
flects a continuous  forcing  function  application  without  a steady  state  or  decaying 
component. 

Although  virtually  no  pitch  is  present,  a midship  vertical  acceleration 
in  excess  of  O.lg  (peak-to-trough)  was  present,  indicating  a heaving  translation. 

A decoupled  (i.e.,  not  at  the  same  or  harmonic  frequency)  transverse  acceleration 
component  of  about  0.4g  peak-to-trough  was  also  exhibited.  The  horizontal  bending 
signal  correlates  reasonably  well  with  the  roll  angle.  It  can  also  be  seen  that 
the  forward  shear  sensors  correspond  closely  to  the  midship  longitudinal  stress 
sensors  (available  only  in  the  "A"  mode)  including  phase,  indicating  that  these 
shears  are  generated  mainly  by  overall  vertical  bending. 

A large  (approximately  20  Ksi,  peak-to-trough)  stress  was  again  present 
in  the  diagonal  element  of  the  port  aft  rosette  (AR-1).  However,  there  again  was 
no  correspondence  between  the  longitudinal  and  lateral  elements  of  this  gage  and 
the  symmetrically  placed  elements  on  the  starboard  side.  This  may  be  due  to  the 
nature  of  the  cargo  loading.  If  the  net  load  in  each  hold  has  a port  or  starboard 
component  the  static  and  dynamic  effect  of  this  offset  may  be  to  induce  these 
types  of  stresses. 
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Gages  located  in  the  longitudinal  tunnel  exhibit  the  largest  stress 
in  the  longitudinal  direction  both  forward  (gages  R-13  and  R-14)  and  aft  (gages 
AR-3  and  AR-4).  In  all  cases  these  stress  outputs  closely  follow  the  midship 
vertical  bending  sensor  output. 

B.  Extreme  Variations  with  Sea  State 


All  maximum  peak-to- trough  values  (combined  wave-induced  and  vibratory)  of 
the  six  longitudinal  stress  sensors  have  been  averaged  for  each  Beaufort  Number  of 
Voyage  4 and  plotted  in  Figures  11-A  and  11-8.  In  addition.  Figure  12  shows  similar 
averages  for  the  LVB,  LHB,  and  TSM  transducers  taken  from  the  digitized  wave-induced 
records.  In  all  cases,  each  average  contains  all  ship  speeds  and  relative  wave 
di rections. 

Average  vertical  bending  and  individual  midship  longitudinal  stresses  (port 
and  starboard,  top  and  bottom)  all  increase  with  increasing  sea  state.  However,  at 
Beaufort  Numbers  of  eight  and  above,  they  increase  at  a faster  rate.  This  situation 
does  not  seem  to  hold  for  the  Torsional  Shear  Midship  or  Longitudinal  Horizontal 
Bending  sensors.  The  midship  longitudinal  neutral  axis  gages  (port  and  starboard), 
which  see  the  combined  horizontal  bending  and  restraint-of-torsional-warping  stresses, 
similarly  do  not  exhibit  the  marked  stress  increase  above  Beaufort  8.  It  is  there- 
fore probable  that  the  vertical  bending  stress  increases  are  real  and  not  due  to  a 
systematic  error  in  Beaufort  Number  estimation. 

The  stresses  measured  by  the  six  longitudinal  gages  include  components  from 
vertical,  horizontal,  and  torsional  loads.  The  values  for  the  neutral  axis  pair 
(X's  in  Figures  11-A  and  11-B)  are  relatively  insensitive  to  vertical  bending,  how- 
ever, so  the  moderate  increase  with  increasing  Beaufort  Number  must  be  an  indication 
of  increasing  horizontal  and/or  torsional  loads.  This  is  confirmed  by  inspection  of 
Figure  12,  which  shows  an  equally  moderate  increase  in  those  components.  The  fact 
that  the  individual  stresses  at  the  bottom  on  each  side  are  consistently  lower  than 
the  comparable  deck  stresses  is  because  of  the  location  of  the  neutral  axis  at  about 
44%  of  the  depth,  measured  up  from  the  baseline.  The  significantly  higher  values 
for  vertical  bending  at  Beaufort  Numbers  above  eight  are  probably  the  result  of  the 
existence  of  waves,  or  combinations  of  waves  and  swells,  considerably  higher  and 
longer  than  those  observed  at  the  lower  sea  states.  Inspection  of  the  logbook  data 
for  Voyage  4 in  Appendix  4 shows  many  intervals  of  reduced  speed  operation  with 
pitching  and  slamming  noted. 

C.  Sample  Wave  Height  Signals 

Two  intervals  of  wave  height  radar  outputs  are  presented  in  Figure  13. 

This  instrument  measures  the  slant  range  from  a position  on  the  forward  house  to  the 
ocean  surface  at  a constant  relative  bearing.  A minimum  of  two  corrections  are  re- 
quired in  order  to  correlate  these  data  to  the  wave  height.  Although  the  angle 
between  the  ship's  vertical  axis  and  the  radar  transmission  axis  is  constant, 
ship's  roll  alters  the  angle  between  the  transmission  axis  and  the  ocean  surface. 

This,  in  turn,  changes  the  slant  range.  In  addition,  the  vertical  height  above 
the  ocean  changes  due  to  pitching  and  heavirig.  This  also  changes  the  slant  range. 

Some  of  the  required  correction  signals  are  available  from  the  instrumentation 
system.  Roll  angle  can  be  utilized  directly.  A double  integration  of  the  forward 
vertical  acceleration  signal  will  yield  the  change  in  vertical  height  of  the  radar 
from  any  reference  level. 


-113- 


In  reviewing  the  output  traces  of  the  wave  height  radar  some  correla- 
tion can  be  seen  between  the  roll  and  radar  output.  Although  this  correlation 
could  be  due  to  the  waves  affecting  the  ship’s  roll,  it  is  probable  that  the  re- 
verse is  true;  the  roll  is  affecting  the  measured  wave  height.  A lesser  corres- 
pondence is  seen  between  the  vertical  acceleration  and  the  radar  output.  In  some 
instances,  however,  the  periods  of  these  two  signals  coincide. 

(This  discussion  has  ignored  the  second-order  effect  on  true  wave  height 
from  changes  in  angular  relationships  due  to  the  accelerometers  being  mounted  in 
the  strap-down  configuration.) 

D.  Torsional  Stress  Indicators 


One  of  the  conclusions  of  the  Calibration  Report  (see  Reference  3),  is  that 
the  midship  transverse  girder  gages  (TGMS)  are  a more  sensitive  indicator  of  torsion- 
al loading  than  the  midship  torsional  shear  sensor  (TSM).  Seaway  data  provide  an 
additional  reinforcement  of  this  assertion.  Figure  14  presents  a plot  of  the  tor- 
sional shear  sensor  output  against  a measure  of  the  horizontal  bending  in  the  midship 
transverse  girder.  Each  point  represents  a randomly-selected  peak-to-trough  stress 
reading  with  ordinate  and  abscissa  values  taken  at  the  same  instant  in  time.  The 
data  from  which  these  points  were  drawn  represent  the  higher  sea  states.  The  dif- 
ference between  the  signals  from  the  upper  (fore  and  aft)  corner  gages  in  the  trans- 
verse girder  is  taken  as  the  measure  of  horizontal  bending  in  the  girder.  Since  the 

output  of  these  gages  is  180  degrees  out  of  phase,  their  algebraic  difference  re- 

sults in  their  absolute  values  being  additive.  A pure  horizontal  bending  component 
is  thus  generated  with  twice  the  sensitivity  of  a single  gage.  (This  bending  results 
in  an  "S"  curved  transverse  girder  with  the  ends  at  each  longitudinal  tunnel  acting 
as  fixed.) 

It  can  be  seen  from  Figure  14  that  the  horizontal  bending  stress  generated 
in  the  transverse  girder  is  higher,  by  a factor  of  approximately  16,  than  the  cor- 
responding torsional  shear  stress  for  all  sea  directions. 

E.  Midship  Longitudinal  Gages 

The  odd  behavior  of  the  six  midship  longitudinal  stress  gages  during  the 
calibration  experiment  (see  Reference  3)  raised  some  questions  as  to  the  correct- 
ness of  the  instrumentation  system  with  regard  to  these  gages.  Seaway  data  can  be 

used  to  verify  their  proper  operation  under  the  assumed  conditions. 

Figure  15  presents  a plot  of  the  output  from  these  six  midship  gages  for 
an  instant  in  time.  A head-sea  condition  was  chosen  so  as  to  minimize  the  torsion- 
al contribution  to  longitudinal  stress  which  cannot  easily  be  separated  from  the 
horizontal  contribution.  As  shown  in  the  figure,  the  stresses  are  well  behaved  and 
what  one  would  expect  of  a vertical  bending  condition  with  a small  horizontal  compo- 
nent. This  representation  is  typical  of  that  which  was  observed  in  many  instances 
for  the  seaway  data.  It  thus  affirms  the  proper  operation  and  configuration  of 
these  gages. 

F.  Parametric  Studies  (Appendix  3) 

To  aid  in  the  interpretation  of  the  results  of  the  parametric  studies 

(which  are,  in  effect,  a presentation  of  the  entire  season's  data  from  eight  of 

the  most  important  transducers),  the  plots  and  tables  from  the  Longitudinal  Vertical 
Bending  (LVB)  stress  data  will  be  considered  in  some  detail. 
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Figure  B-l  is  a "dot-plot"  of  the  RMS  stress  value  from  the  LVB  trans- 
ducer by  Beaufort  Number  for  the  entire  season.  There  are  2,078  points  shown. 

The  great  scatter  in  each  Beaufort  Number  is  caused  by  the  fact  that  these  points 
are  from  all  relative  wave  directions  and  all  ship  speeds.  Figure  B-2  has  been 
plotted  from  these  basic  data  points  analyzed  into  five  classifications  of  ship 
speed.  The  classification  nomenclature  is  given  in  Table  B- II,  and  in  all  of  the 
Tables  B-III  through  B-XXXIV  at  the  end  of  Appendix  B.  Again,  the  average  values 
given  for  each  ship  speed  also  contain  some  range  of  relative  wave  direction. 

Figure  B-2  shows  that  the  highest  mean  values  of  RMS  vertical  bending  stress  were 
measured  at  Beaufort  10,  at  ship  speeds  between  20  and  25  knots.  Note  that  at  the 
next  higher  speed  range  the  stresses  were  lower  at  the  highest  Beaufort  Numbers, 
which  is  probably  due  to  predominantly  quartering  or  following  seas.  There  are 
no  reported  cases  of  operation  at  full  speed  at  Beaufort  Numbers  higher  than  9. 

Figure  B-3  is  a similar  classification  of  the  data  by  relative  wave 
direction.  The  values  for  Beaufort  10  (which  contain  a range  of  ship  speeds  as 
shown  in  B-2)  indicate  that  the  highest  stresses  were  experienced  in  head  seas, 
the  next  highest  at  relative  wave  directions  from  31  to  60  degrees,  and  the  next 
highest  in  quartering  seas.  Beam  seas  produced  the  lowest  vertical  bending 
stresses  at  Beaufort  Numbers  8 and  above. 

Figures  B-4  through  B-6  are  organized  in  the  same  way  except  that  they 
present  the  distributions  of  the  maximum  peak-to-trough  stress  variations.  The 
stress  amplitudes  scales  are  doubled,  but  the  general  distributions  are  the  same. 

The  tables  following  these  figures  in  Appendix  B present  the  basic  data 
for  the  figures,  and,  in  addition,  the  standard  deviation  of  the  mean  values. 

These  provide  a measure  of  the  scatter  of  the  data. 

Some  brief  comments  can  be  made  concerning  the  results  of  these  para- 
metric studies: 

1.  Horizontal  bending  stress  is  much  lower  than  vertical  bending  stress, 
and  is  less  sensitive  to  variations  in  ship  speed  and  relative  wave  direction, 
although  quartering  seas  appear  to  contribute  significantly  to  higher  stresses  at 
Beaufort  10. 

2.  Torsional  Shear  Midship  is  even  lower,  with  less  scatter  at  Beaufort 
9 and  10.  Quartering  seas  are  a factor  at  Beaufort  10. 

3.  Forward  Shear  Port  and  Starboard  results  are  essentially  the  same.  The 
largest  shearing  stress  variations  occurred  at  Beaufort  8,  in  broad-on-the-bow 

and  quartering  seas. 

4.  The  Roll  results  show  more  rolling  at  higher  Beaufort  Numbers  with 
higher  speeds.  Quartering  and  beam  seas  cause  the  most  rolling.  A maximum 
dynamic  roll  of  + 18°  was  recorded  at  Beaufort  10. 

5.  The  maximum  pitching  angle  was  + 2.5  degrees  at  Beaufort  9.  The  most 
pitching  occurred  at  head  seas,  the  least  at  beam,  quartering,  and  following. 

6.  The  Forward  Acceleration  (Vertical)  showed  a maximum  of  + 0.45  g. 
Highest  values  were  recorded  in  head  seas. 
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V.  POSSIBLE  DATA  FORMATS 

This  report  presents  data  in  a number  of  forms,  those  which  seemed  most  ap- 
propriate for  an  overall  survey  of  the  data  from  the  first  season.  Included  are 
expanded  time-histories,  logbook  tabulations,  tabulations  of  maximum  values  scaled 
from  compressed  time-histories,  and  plots  derived  from  parametric  studies  of 
digitized  response  and  logbook  data.  Also  available,  but  too  voluminous  for 
publication,  are  tabulations  of  response  and  logbook  data  for  each  interval,  all 
season,  for  all  eight  digitized  transducers.  As  a guide  for  the  consideration  of 
possible  expansion,  modification,  or  deletion  of  these  data  formats,  Figure  16  has 
been  prepared  to  indicate  the  various  possible  data  presentation  formats. 

Of  the  formats  illustrated,  all  but  the  spectral  computations  and  manual  tabula- 
tions of  logbook  data  have  been  used  in  this  report.  From  the  standpoint  of  rela- 
tive cost  the  manual  formats  shown  at  the  top  of  the  figure  are  least  costly,  but 
are  cumbersome  where  a number  of  transducers  are  to  be  compared.  An  expanded  time- 
history  is  essential  for  the  instantaneous  comparisons,  since  the  digital  data  from 
different  transducers  have  no  common  time  base  once  a specific  interval  is  defined. 

Digitizing  the  data  is  relatively  expensive,  both  in  man-hours  and  in  computer 
costs,  but  this  method  has  great  advantages  for  rapid  tabulations  and  plots  of  both 
logbook  and  response  data.  At  present  the  data  is  filtered  so  that  RMS  and  maximum 
values  are  computed  from  essentially  pure  wave-induced  response,  for  comparison  with 
design  data  derived  on  the  same  basis.  Vibratory  components  from  slamming  or  other 
excitations  are  retained  in  the  basic  digitized  record  of  12,000  data  points  from 
20  minutes  of  each  30-minute  interval.  Spectral  computations  are  made  from  this 
record. 

In  considering  decisions  on  data  formats,  the  basic  questions  concerning  the  in- 
formation desired  should  be  formulated  in  terms  of  choice  of  instantaneous  vs. 
statistical  data,  a few  samples  under  specified  condions  vs.  the  entire  season,  need 
for  future  use  of  the  same  data,  one  transducer  or  many,  and  so  forth,  in  order  to 
arrive  at  a rational  decision  balancing  information  desired  against  cost. 

VI.  SUMMARY 


The  first  season  of  data  acquisition  from  the  S.S.  SEA-LAND  McLEAN  was  a suc- 
cessful one.  This  report  has  presented  a large  amount  of  data  with  brief  discussions 
and  evaluations.  As  additional  data  are  acquired  during  the  second  season,  and  the 
first  season  data  is  analyzed  more  completely,  a comprehensive  picture  of  the  struc- 
tural behavior  of  this  unique  class  of  vessel  will  emerge. 
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APPENDIX  A 

Partial  Listing  of  Logbook  Data 
First  Season 
S.S.  SEA-LAND  McLEAN 


Nomenclature 

VOY  = Voyage  number,  East  or  West 
TP  = Analog  magnetic  tape  number 
INT  = Data  interval  number 
IDX  = Logbook  index  number 
DATE  = Month/Day/Year 
Time  = GMT 

SPD  = Ship  speed,  knots 

BN  = Observed  Beaufort  Number  (appearance  of  sea) 
RWVD  = Relative  Wave  Direction  (degrees,  Port  or  Stbd) 
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APPENDIX  B 
PARAMETRIC  STUDIES 


This  appendix  contains  the  plots  and  tabulated  summaries  resulting  from  the 
parametric  studies  program,  designated  "SPLOT".  Each  plot  presents  either  a 
five-curve  family  of  various  ship  speeds  or  a five-curve  family  of  relative  wave 
direction  groups  for  a transducer  output  against  Beaufort  Number.  Within  each- 
Beaufort  Number,  the  magnitude  of  a particular  point  is  determined  by  calculating 
the  mean  of  the  appropriate  data.  A superscribed  note  on  each  plot  designates 
which  value  is  applicable.  The  measured  data  set  is  composed  of  the  maximum  wave- 
induced  peak-to-trough  value  within  each  30-minute  data  interval,  or  the  RMS  value 
determined  for  that  interval.  The  graph  title  notes  which  characterization  is  ap- 
plicable. Eight  measurements,  all  from  Recorder  No.  1,  were  selected  for  study: 

1.  Longitudinal  Vertical  Bending  Stress 

2.  Longitudinal  Horizontal  Bending  Stress 

3.  Torsional  Shear  Midship  Stress 

4.  Forward  Shearing  Stress-Port 

5.  Forward  Shearing  Stress-Starboard 

6.  Roll  Angle 

7.  Pitch  Angle 

8.  Forward  Hull  Vertical  Acceleration 

Each  tabulated  summary  (Tables  III-XXXIV)  presents  a listing  of  all  plotted 
points  along  with  the  number  of  data  points  comprising  each  plotted  mean  point  and 
its  standard  deviation. 

Table  B-I  provides  an  index  for  all  parametric  plots  and  summaries. 

Table  B-II  gives  the  code  for  the  ship  speed  or  relative  sea  direction  curve 
families  as  used  in  the  plots. 
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TABLE  B-I 

Fiqure  and  Table  Index  for  Parametric  Studies 


VMS  Max  RMS 


ROLL  PITCH 


RMS  Max  RMS  Max  RMS  Max  RMS  Max  RMS  Max  RMS 


AH  Data  Points 


All  Data  1 


7 I 10  13  16  19  22  25  | 28  31  34  37  40  43  46 


8 11  14  17  20  23  26  29  32  35  38  41  M 47 


12  15  18  21  24  27  30  33  36  39  42  45  48 


XXI  XXII I XXV  XXVII  XXIX  XXXI  XXXII 


III 

V 

VII 

IX 

XI 

XIII 

VI 

VIII 

X 

XII 

XIV 

XII  XIV  XVI  XVIII  XX  XXII  XXIV  XXVI  XXVIII  XXX  XXXII  XXXIV 


Arabic  numbers  are  Figure  Numbers  B-l,  etc. 

Roman  numbcrals  are  Table  Numbers  B-III,  etc. 

•See  Table  III  for  definition  of  Sensor  Abbreviations 
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• 

170 

700, 

78A, 

)«0, 

1 

IM 

tool. 

1 110, 

•77, 

0 

1 70 

• 16, 

tool. 

• 20, 

T 

too 

tool. 

too*. 

700. 

0 

11 

1)11. 

to)©. 

10  A , 

f 

0 

1 700. 

1 8 1 8 , 

282, 

10 

0 

1102, 

1120, 

220. 

11 

0 

12 

0 

•CL A T 1 Vf  m A vl  OIMCTtO*  »fT«»CN 

121,0  ANO  111,0 

•LOT 

ST-SOL  * 

•CAur^MT 

in,  or  OATA 

M|  AN 

RMS 

IT, 

Of vIaTIOn 

•31 NT 8 

1 

2 

0 

12 

•07, 

• 0). 

1 02, 

1 

07 

600 , 

0*0. 

22), 

• 

OA 

077, 

toos. 

•22, 

1 

•1 

nil. 

1216, 

#80, 

0 

12 

1007, 

1212. 

no. 

7 

• 0 

1)72, 

1000, 

120, 

8 

A 7 

1 0)7  , 

1070, 

171, 

0 

0 

to 

« 

m«, 

2010, 

HI* 

It 

0 

11 

• 

■ It  AT  JVC  * A Vt  OlRICMO"  OrToCfN 

nt.o  aoo  too.o 

•LOT 

STMOOL  0IAMON 

■CAuro*T 

NO,  07  OATA 

MEAN 

■ MS 

IT. 

Of  v I a T | On 

NUMOI* 

•OINTO 

t 

2 

0 

0 

027. 

♦II. 

•1. 

1 

20 

hot. 

t 20>  , 

))), 

8 

01 

1010, 

11)0, 

•It. 

1 

2* 

ID2, 

1 1 7 I , 

220. 

0 

20 

102), 

11)2, 

•on, 

r 

12 

1120, 

1102, 

*0). 

$ 

12 

nu. 

mi. 

m. 

o 

7 

mo. 

1)71, 

lot. 

it 

0 

il 

• 

ti 

1 

/ 


a 
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•Pfpn  *(f<rtv 

i,o  A*r>  t9(o 

plot  ivM't 

OCTAGONAL 

• 1 AtlftOMT 

so.  of  04 T A 

Hf  AN 

Ph  8 ST, 

OEvIaTION 

NlJHtftl 

POlsTI 

2 

0 

0 

1 

• 

1920. 

1552. 

ft  78, 

4 

71 

?9ft«, 

2718, 

toot , 

S 

16 

8221, 

8803, 

1251, 

ft 

12 

3316, 

3358, 

510. 

7 

56 

9328, 

5141, 

858, 

4 

0 

10 

0 

II 

0 

12 

3 

8PU0  BET-ICn 

19,0  4*0  20,0 

plot  svp8ul 

tpiamglC 

8C*c'70»T 

HO,  OP  DATA 

*CA* 

•*S  »T. 

DEVIATION 

NyP8C8 

POINTS 

1 

2 

0 

0 

1 

8 

1194, 

1155, 

62. 

« 

ft 

1930, 

llll. 

41, 

9 

0 

ft 

0 

7 

0 

0 

6 

4195. 

8247, 

Ml, 

4 

0 

to 

ft 

2432, 

2411. 

81. 

11 

0 

12 

0 

SPfkD  BfTftfl*. 

20,0  AND  29,0 

plot  sthbol 

PLUS 

BE AJPO»T 

NO,  07  0 4 T 4 

Hi  AH 

PM3  ST, 

OEvIaTIOn 

NunrtC* 

POINTS 

1 

2 

0 

8 

139ft, 

1548, 

170, 

1 

9ft 

22  AS , 

2 ITS , 

771. 

ft 

197 

I*®1. 

2044, 

800, 

5 

158 

237  1 , 

2536, 

400. 

ft 

79 

2»74. 

266  ft. 

1013. 

7 

74 

3033, 

3252, 

1173. 

• 

7ft 

3951, 

3427, 

760. 

4 

U 

3461, 

3574, 

41), 

to 

12 

198ft, 

3544, 

328, 

t I 

3 

12 

0 

spho  wtvfm 

29, ft  anO  30,0 

plot  sthboi 

X 

•t  aj» 

NO,  OP  I1  4 V 4 

HI  A* 

•HI  ST, 

Ol  vIaTION 

m 

POINTS 

1 

2 

0 

16 

74; , 

421, 

• 7 1, 

S 

74 

1649. 

1673, 

849, 

* 

I6| 

1 2 IS, 

1433. 

841. 

5 

171 

1781, 

144V, 

408. 

ft 

• 2 

2000. 

2197, 

«es. 

7 

7ft 

2661  , 

2644, 

1018, 

ft 

92 

2866, 

2477, 

809. 

ft 

51 

• 087, 

• 1 ? 0 , 

824, 

10 

20 

JTM, 

3842. 

468, 

It 

0 

12 

0 

woo  bet-cen 

10,0  ANO  19,0 

plot  sthbol 

0IAMON0 

PCftUrOMT 

HO*  07  CaTa 

Hf  AN 

•Hi  IT, 

OCVlAllON 

sy**fte» 

POINTS 

l 

ft 

l?0«. 

1815, 

6?8. 

2 

22 

1116, 

121). 

879, 

1 

ft? 

1817, 

I«60. 

*26, 

• 

100 

1*28, 

1564, 

6*6  , 

5 

40 

2179, 

2265, 

61ft, 

ft 

129 

i486, 

2154, 

8ftS, 

7 

87 

224ft, 

2)76. 

612, 

• 

16 

2476, 

3218, 

1278. 

4 

0 

l» 

0 

11 

0 

12 

0 

,1 
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«A Ilwu1*  in«t4rT«'0t*<*L  1 /Piit H •CNQIhC  STMfSS  «5  *l4<jfO*l  NIMBI* 


7 


tri^TTvr  tuvt  ot«rcTin»,  bf t *c  r n 

9.0 

«x9  ii. a 

hot 

symbol  octagonal 

Bf A 0*0*7 

*n,  or  rrT* 

nr** 

MM3 

ST,  Of  Y I AT | Om 

nu“HF» 

JOINTS 

1 

• 

l70*. 

1*13,’ 

*’»,  . . 

f 

?0 

*01. 

44|, 

1 

• A 

1407, 

10*0, 

wr. 

»« 

1*0/. 

1 1 T#  , 

3 

*1 

140*. 

, 0 • • . 

443. 

II 

IMT, 

l*f*. 

*4*, 

1 

r \ 

1041. 

lffl. 

..  - l°Tc\  . . . . 

?o 

If  1". 

11"?, 

1019, 

4 

14 

'*47, 

«U*. 

***, 

10 

14 

1140. 

1373. 

444, 

1 1 

0 

If 

0 

■ri*mr  "4VC  o!«FC»\n».  efT«tr* 

It  .0 

4*0  *1.0 

HOT 

SYMBOL  IMlAHWLt 

§f  AyfO*T 

no,  or  hata 

Hf  AN 

*«S 

07,  Of Y ! AT  ION 

NuMf  * 

fCIxTS 

I 

4 

Ml# 

m. 

107, 

) 

f 1 

1401  . 

1740 

S 4 0 , 

• 

»"• 

Iff*. 

I3f*. 

4 0 f , 

1 

ti 

1 447, 

1 0f  0 , 

434, 

4 

if 

? 164, 

fUS, 

«i  r, 

49 

ff  *▼. 

?«T7, 

*40, 

• 

If 

1*  1 T , 

0014, 

000  , 

4 

w 

1 T 4 * . 

10>J, 

430  . 

1 0 

s 

Wlf. 

1/11, 

174. 

1 1 

0 

If 

0 

»rW4Tfvf  am  oimfction  hrmr* 

41.0 

AMO  tfl.O 

HOT 

SYMBOL  BLUB 

biavbomt 

no,  nr  Oita 

Hf  AN 

Mm3 

ST,  OfVlATION 

NU"HF ■ 

KllHM 

- --  - 

1 

f 

0 

10 

*1?. 

10*4, 

**•, 

I 

TO 

1*11  » 

f0*C  . 

407, 

4 

,74 

11*4, 

1 7*4. 

Tit. 

3 

,44 

f f*1  . 

f 10  7, 

IPTf. 

4 

If* 

fill. 

f 13*. 

440, 

7 

1 o • 

14*0, 

1*30, 

131/. 

II 

f *47  , 

If  13, 

1 f 1 4 , 

4 

0 

4111. 

4 4 1 4, 

Tf  3 , 

19 

0 

Ilf  0. 

iiro. 

3f  T , 

t 1 

0 

If 

0 

*fL4TI%f  M A v€  0!*fCT|ON  0r  T Hf  f N 

If  1.0  A NO  13  1.0 

HOT 

SYH0PL 

1 

Ml  Aufn*T 

no,  or  n a 7 a 

Hf  AN 

MH0 

97, 

Ol YlATlOH 

H\jn*f  W 

•01 N7  3 

1 

/ 

0 

II 

If  13 » 

1 113, 

• Ts, 

• 7 

11*1. 

1001. 

3IB, 

4 

44 

f 1*3, 

f*1  » , 

**  T , 

1 

*1 

f • 4 4 , 

14*1, 

1111, 

4 

If 

f * l f . 

f 4 73  , 

1130, 

T 

4* 

1001  , 

Iff*, 

11*1, 

• 

4? 

13 14 , 

lb  ? 4 , 

•11. 

4 

0 

19 

4 

3100, 

3114, 

Iff, 

1 1 
II 

0 

0 

. .... ... 

. ^ 

■T-  - 

- . -- 

Mf  L A T I Yf  MAVf  0 1 Mr  C T | oh  BfT«(M 

|3|#B  0*0  1*0,0 

HOT 

STMBOl 

BIANPNO 

HU,  DAT# 

Hf  AM 

■ Hf 

ST, 

Dr  VIA  T JUH 

• Ml)  I *7  > 


I • 


I 

o 

10*3, 

1*01, 

l*f  , 

- — 

1 

so 

13*7, 

f 0 0 4 . 

iitr, 

4 

• 3 

fioi. 

14  0 9, 

*?f. 

— - 

1 

r* 

f * 14  , 

f *40  , 

4C0, 

4 

10 

If  44  , 

1309 , 

1101, 

. — ...  • — . 

r 

31 

f • 4*  , 

I34|, 

47*. 

« 

ii 

1171, 

14/  1, 

30*. 

« 

7 

1440, 

1304, 

• IS, 

K • 

1 1 • 

If  0 


/ 
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#M§  «IO»«|M  T'l*  ^ f n*-  4|  ,-»*•(  SC.  JVM*  si  VS  AflMlflOT  Mi|*.SfO 


S«I*  «M»n  »IT.HM  t,t  ••*!»  |S,0  *1*?  *7*001  OC  T 


• 7 4U»P»T 

hU«H«  it 


n f * 

■Ol*T 


"f  IV 


• •*§  ST,  Of  V I * T | OH 


0 

SOI, 

SOT, 

M, 

ll 

U4, 

IT*. 

III. 

* 

si*. 

SSS, 

1 IT  , 

1/ 

4 71, 

• Tv, 

*0. 

4f  •, 

»m|*  SfffO  MT.ftM  »S,«  **»0  *0,0 


■lOT  STRAIN.  f»I4NCt€ 


»F4u»n«f 

■tiiOf* 


■ MS  s»,  04  V t 4 T ] 0*4 


10*, 
*77  , 


4I«, 

Ml. 


*77, 


*SS. 

Ill, 


IT, 

S, 


41. 

SO. 


s« i * s*r*o  *o,o  **o  * s,o 


Of*uf'*»T 
Nl'KHf  ■ 


Of  0474 
■nj*.T» 


•l«T  STMBOL  *lu* 

Mf4N  VMS  ST,  Of V 1 4T | ON 


I 


* 

* 711, 

?o*. 

70, 

1 

SI  U», 

17*. 

04. 

4 

IS*  M«, 

ISO. 

!>*, 

s 

111  1**, 

•*00,- 

117, 

4 

75  I**, 

4**, 

1SI, 

r 

T J SOS, 

1*4, 

**!, 

0 

T»  TSI, 

771, 

IT*. 

• 

1*  S*S, 

ST*. 

07, 

10 

1*  *01, 

*os. 

II. 

1 1 

• 

M 

0 

0*»M  0 MT-M*. 

*S , • 4*0  )*,* 

■tot  »V*M40l 

■ 

— 

■ f »u»'»*r 

V*,  n*  P4T4 

Mf  4S 

• -S  ST, 

■ CV(4?|fH» 

*'•••*»  fi 

■OISTJ 

1 

* 

0 

1* 

1*0. 

t SO  ^ 

07. 

1 

71 

7«7, 

*4S 

100. 

« 

ISO 

>7  • , 

lit; 

ISO. 

s 

1*0 

10*, 

1*1, 

*0*, 

* 

41 

1*1. 

•it! 

717, 

T 

71 

• *7  , 

•77. 

* 1 1. 

• 

s* 

Ilf, 

100. 

*10, 

0 

11 

*ot , 

*7S, 

I 10. 

to 

to 

111, 

Ml! 

00. 

1 1 

0 

l> 

0 

10,*  4*0  1S.0 

■tnr  svmOpl 

0 T 4*000 

«C4<tfn*r 

*n,  nf  0*7* 

"t  4* 

• ■0  S T 

Of vliTIOM 

I 

•Ot*7S 

0 

ft  l . 

t>. 

t 

10 

*0*. 

*00, 

oo. 

i 

• 0 

*so. 

707, 

OS, 

« 

M 

?TS. 

*07, 

117, 

0 

04 

170, 

soo, 

00, 

* 

no 

loo. 

1 7 § 

11*. 

7 

70 

1*0. 

177, 

’•. 

0 

1* 

•so. 

00*. 

• 0 


IS 

1 1 
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*~t, iTMfrOt  «l 

•ft4?m  -»ve  oiMfcTio**  mi-u" 

o.o 

AND  11. 

0 »10T 

OT-fCL  OC7A&OMAL 

UtOoPOB? 

*•0.  U*  0*T* 

"Itl 

• M| 

or. 

Of  V 1 Atm* 

vii*»  oft 

pri\TS 

1 

• 

211. 

212. 

1). 

2 

12 

1 IT. 

Ill, 

n. 

1 

•1 

244, 

2H. 

40, 

4 

Tf 

210  , 

270, 

104, 

i 

TP 

HI. 

SM. 

iro. 

* 

*1 

121  , 

114. 

141, 

T 

21 

117, 

441 , 

111, 

» 

>0 

721, 

717, 

111, 

t 

U 

on. 

411, 

121, 

10 

to 

904, 

104, 

04, 

It 

A 

12 

A 

■CUTItt  -*vt  PUfCTIO*  AET.fE* 

11.0 

**-0  01, 

o plot 

ST-HOC  T4IA4.CL* 

AC4U0  1»» 

»•".  C'T  PaTA 

"III 

it. 

OCVlATION 

*"««Af  * 

»OlST| 

1 

2 

0 

0 

1 

2* 

Ml, 

121, 

40. 

• 

224, 

210, 

194, 

* 

71 

217, 

271. 

44, 

• 

2* 

170. 

• 01, 

141, 

7 

11 

144, 

170, 

117. 

0 

12 

421. 

424, 

101, 

0 

12 

141, 

in. 

44, 

1 9 

A 

HI. 

114, 

42, 

1 1 

0 

12 

0 

•CL»T|ve  MAvE  "iHfCM"*. 

41,0 

**r  121. 

0 PLOT 

1 Y*80L  OtUI 

PE40*r.'#T 

*«n,  nr  o a ? a 

«1  A*. 

4*43 

*7, 

Of vlATlON 

‘•u^Of* 

MI%?s 

1 

2 

0 

0 

2«S, 

240, 

Hi 

1 

41 

291. 

HI, 

US, 

• 

177 

241. 

247, 

117, 

1 

i y s 

172, 

422, 

2P0. 

0 

127 

144. 

412, 

Ill, 

T 

1 |!» 

122, 

140, 

202, 

0 

11 

500, 

144, 

240. 

« 

9 

TOt. 

741, 

140, 

10 

A 

112, 

114. 

70, 

11 

0 

12 

0 

-avO.  OUCCM*!'  MTMfs  Wl.o  A‘.<>  Hl.O  Pt.01  lv***OL  * 


«f 

Ml,  • 0*?A 

•Can 

•-I  or. 

otvlor to* 

* • *Af  4 

OOlvT* 

1 

2 

0 

12 

1*7 , 

204, 

11, 

1 

41 

217. 

271, 

*2, 

• 

40 

Ml. 

127, 

110, 

1 

41 

*•2. 

“I*. 

140, 

4 

12 

142. 

“11, 

102, 

7 

4A 

12!. 

*•1. 

270, 

0 

07 

741, 

704, 

100, 

4 

0 

11 

4 

712, 

711. 

M. 

11 

f 

12 

0 

■«L4?I*r  • A Vf  OlOfCtlO^  IfY.ffM  111 

0 4*0  100.0 

PLOT  Iy**bOl  OIAMQNO 

ftCAufnof 

40.  07  0474 

•Can 

040  IT, 

Of vIaTION 

*'■»•£• 

POINT# 

1 

0 

2 

4 

117, 

5 !•  . 

1*. 

I 

20 

144. 

Ill, 

104, 

4 

• 0 

110, 

Iff* 

HI. 

1 

410. 

•TO. 

too, 

0 

20 

in. 

141. 

147, 

7 

» !\ 

414, 

*11. 

m, 

4 

11 

710, 

774. 

4 

7 

010, 

422. 

*7. 

10 

11 

1 2 


0 

9 


* 
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ss  vs  spiuro»r 


»lftT  IVMOl  OCTlfiPNK  XIII 

Ml**  *m|  IT,  01 V ! A T I On 


tit«,  im, 

T«,  «T, 

1166,  |«66, 

l<*66,  10*1, 

-•ttw, i**v, 


*inr  svn«oi  plus 
Nf*N  »M0  $▼,  OtVUflO* 


•6P, 

IT?. 

tos 

• 76, 

6#2, 

#•7 

T|A, 

702, 

106 

<•), 

|i,jr .. 

126 

1 0«  l , 

«02 

l>»7. 

in#. 

IM1  , 

1672, 

166 

1 4»l, 

»«•?, 

711 

1601.  ts««.  #11 


•%ni~4«Hsoir  »- 


•-S 

ST,  P»v!*TlO* 

MP. 

116, 

IP*. 

6Am, 

• 11  , 

#«•. 

N.V. 

T-*  . 

177,  

ns. 

*n . 

• 66, 

• n . 

66*. 

610, 

676, 

I07J. 

*66. 

1 #66. 

11M. 

Ill, 

1661, 

1611, 

1167, 

1 • 16  . 

It  I, 

,1 
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«•■!-»••*  M“stnm  9»t«*!s<;  s»»f9»  v#  maupovt  xyufK 


»ri*Mvr  fctve  hthpctioh 

n»  TvfP h 

• .0 

«*0  >1.0 

Pert  T 

s*hiiol  octaCohoI 

■ - •••  - 

XIV  " 

so. 

nr  nm 

"f  AH 

3T 

OF  v I a T IOm 

— — 

hi—hp  ■ 



— - 

i 

• 

•50, 

p 

If 

P44, 

Ho, 

45 

4)1  , 

4TT, 

• 

y • 

044. 

445, 

TO 

• 04, 

4f  1 , 

* 

•1 

Ml, 

054. 

T 

PI 

IfHl, 

I“ll, 

4 45  , 

• 

Pe 

1*5", 

I4>f. 

4 

14 

ISTf, 

M4T, 

10 

U 

1 • T4  , 

1 •••  , 

1 1 

0 

»> 

0 

•tl*Tfvf  ■ t v{  0 r •*  c T !«•* 

vr  T«f  f S 

31.0 

4H0  »|,0 

Pint 

•»m»OL  TviAHCLk 

**r  tuf  mv r 

ho. 

fp  r>  a t • 

**F  AH 

VMS 

ST 

01  Vi ATIOH 

Htt*Hf • 

•CImM 

1 

P 

0 

0 

» 

Pa 

TP3. 

tot. 

Ilf. 

• 

47 

5?S. 

54  T , 

P4«, 

s 

Tl 

*•«?, 

Til. 

m. 

V 

f« 

• TP  , 

455, 

m, 

T 

31 

"CO, 

• 41  . 

ITS, 

0 

IP 

1314, 

I3TI. 

114, 

• 

If 

10  7 0, 

1 5 0 1 , 

?50, 

10 

H 

M*f, 

1 14fc, 

\4». 

1 1 

0 

1? 

0 

. . 

— 

— 

— 

— 

• PliMvP  • AVI  OTVeCTIMi, 

HP  Tfcff  H 

HI  ,0 

•HO  Ifl.o 

PLOT 

a»"BOL  ^LUI 

— 

hi  ai-pmpt 

ho. 

nP  o i t * 

HP  AH 

• ■9 

ST 

DFvI aTJOh 



*(•>*•01  V 

POlHTS 

— 

— 

- 

— 

1 

P 

0 

4 

3P0, 

5Ph. 

• 1, 



1 

41 

IV*  , 

T4T, 

1"  T , 

4 

IT; 

*21, 

Til. 

1*3, 

s 

1 T * 

*#>5. 

4T1. 

• 45. 

k 

1 f T 

• 5f . 

055. 

“IP, 

T 

1 10 

IP1  1, 

Mil, 

044, 

5 

Is 

11  Tf, 

1 101  . 

54S, 

4 

0 
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